abstract Hypofibrinolysis as measured with overall clot lysis assays is associated with risk of arterial thrombosis. Individual components of the fibrinolytic system, however, have not been studied extensively in relation to arterial disease or results of studies were inconsistent. The relation between plasminogen and α 2-antiplasmin levels and cardiovascular risk factors and the association between plasminogen, α 2-antiplasmin, tissue-plasminogen activator (t-PA), and plasminogen activator inhibitor-1 (PAI-1) and risk of myocardial infarction was investigated in the Study of Myocardial Infarctions Leiden (555 men with a first myocardial infarction and 635 controls). α 2-Antiplasmin was associated with age and lipid levels while plasminogen correlated with lipids, C-reactive protein and smoking. Increased levels of all fibrinolytic factors were associated with myocardial infarction. Age-adjusted odds ratios (OR) (95% confidence interval) for quartile 4 compared with 1 were 1.7 (1.2-2.3) for plasminogen, 1.9
Introduction
Decreased fibrinolytic potential as measured with overall clot lysis assays has been found to be associated with increased risk of arterial thrombosis, especially in young individuals, in several studies. [1] [2] [3] Surprisingly, plasma levels of individual components of the fibrinolytic system have either not been studied extensively in the context of arterial thrombosis or were not consistently associated with arterial thrombosis. In particular, population-based studies on the role of α 2-antiplasmin and plasminogen in risk of arterial thrombosis are scarce. In the European Concerted Action on Thrombosis and Disabilities (ECAT) study, a cohort study including patients with angina pectoris, no association was found between levels of α 2-antiplasmin and risk of myocardial infarction or sudden death. 4 Unexpectedly, increased levels of plasminogen were associated with an increased risk. In the Atherosclerosis Risk in Communities (ARIC) study, a population-based cohort study on subjects between 44 and 65 years at baseline, a positive association between plasminogen levels and coronary heart disease was also found. 5 The results of studies on levels of tissue type plasminogen activator (t-PA) and plasminogen activator inhibitor-1 (PAI-1) have been conflicting. Both t-PA and PAI-1 levels were associated with arterial disease in multiple studies. However, whether increased levels of t-PA and PAI-1 independently increase the risk remained to be elucidated. 6 PAI-1 is now recognized as a true component of the metabolic syndrome, 7 which is strongly associated with arterial thrombosis. In several studies the predictive value of PAI-1 and t-PA disappeared after adjusting for cardiovascular risk factors such as body mass index (BMI), insulin resistance, inflammation and lipid levels (reviewed in Meltzer et al. 6 ). This may indicate that levels of these fibrinolytic factors are rather a reflection of underlying disease than a direct cause of arterial thrombosis. 4 Results of studies on the association of plasma levels of Thrombin Activatable Fibrinolysis Inhibitor (TAFI) with risk of arterial thrombosis are also contradictory. Several studies have found increased levels of TAFI to be associated with an increased risk of arterial disease 8, 9 while others found no association. 10 We have recently shown increased functional TAFI levels to be associated with a decreased risk of myocardial infarction in the Study of Myocardial Infarctions LEiden (SMILE), a large case-control study in men. 11 In the present study, we investigate associations between levels of plasminogen, α 2-antiplasmin, PAI-1, and t-PA and risk of myocardial infarction in the SMILE. Furthermore, as knowledge on determinants of plasma levels of α 2-antiplasmin and plasminogen is scarce the association between established cardiovascular risk factors and these two fibrinolytic factors was also studied.
Methods and materials

Subjects
The design of the SMILE has been described previously. 12 Patients were 560 men with a first myocardial infarction between 1990 and 1996, below the age of 70 at the onset of myocardial infarction. Two of the following three characteristics had to be identifiable in the discharge report or hospital care record to confirm acute myocardial infarction: typical chest pain, electrocardiographical changes indicative of evolving myocardial infarction or a transient rise in cardiac enzymes to more than twice the upper limit of normal.
The control group consisted of 646 men without a history of myocardial infarction. They had undergone a minor orthopedic intervention between January 1990 and May 1996 for which they had received prophylactic anticoagulants for a short period. They had not received anticoagulants in the 6-months prior to participation in the study. Control subjects were frequency matched on 10-year age groups to the patients. Every participant completed a 5 questionnaire on cardiovascular risk factors including questions on current and former smoking habits and alcohol use, presence of diabetes, and current use of medication. In addition, for patients, presence of diabetes prior to myocardial infarction was retrieved from discharge letters. A person was classified as hypertensive or hypercholesterolemic when he was taking prescription drugs for these conditions. Blood pressure was measured after a rest of at least 10 minutes with the person sitting in an upright position. BMI was derived by dividing weight (in kilograms) by squared height (in meters). All participants gave informed consent. Approval for this study was obtained from the Medical Ethics Committee of the Leiden University Medical Center, Leiden, the Netherlands.
Laboratory analysis
Fasting blood samples of patients and control subjects were drawn from the antecubital vein in Sarstedt Monovette tubes (Sarstedt, Nümbrecht, Germany) and were obtained between July 1994 and February 1997. Blood samples were primarily drawn in the morning (median 9.30 h, 95% before 11.00 h), without a systematic difference between patients and control subjects.
Time between myocardial infarction and blood draw ranged from 88 days to 6 years with a median of 2.6 years.
Serum and plasma samples were aliquoted in multiple tubes and immediately stored at − 80°C. Plasma levels of von Willebrand factor (VWF) and C-reactive protein (CRP) and serum total cholesterol, high-density lipoprotein (HDL) cholesterol and triglyceride levels were measured as described previously. 12, 13 Plasma levels of fibrinolytic factors were measured in citrated plasma. α 2-Antiplasmin and plasminogen activity was measured using chromogenic assays (STA Stachrom antiplasmin and STA Stachrom plasminogen from Diagnostica Stago, Asnières, France) and were performed on a STA-R coagulation analyzer using a commercial calibration standard (Diagnostica Stago, Asnières, France) and expressed as a percentage of normal. PAI-1 antigen 6 levels were measured with a Technozym PAI-1 enzyme-linked immunosorbent assay (ELISA) reagent kit (Kordia, Biopool, the Netherlands) and were expressed in ng/ml. Antigen levels of t-PA were assessed by ELISA using a commercially available mouse anti-t-PA antibody (Nuclilab BV, Ede, The Netherlands) as capture, and a biotine-labelled rabbit anti human t-PA antibody (Nuclilab BV, Ede, The Netherlands) as detecting antibody. Bound detecting antibody was visualised using biotin-labeled streptavidine, followed by Tetramethylbenzidine (TMB) staining. A calibration curve was constructed using purified t-PA (Nuclilab BV, Ede, The Netherlands), and results were expressed as ng/ml.
The intra-assay coefficients of variation were 1.7% for plasminogen, 4.8% for α 2-antiplasmin, 7.6% for PAI-1 and 11.4% for t-PA and the inter-assay coefficients of variation were 1.6% for plasminogen, 4.6% for α 2-antiplasmin, 5.0% for PAI-1 and 8.1% for t-PA.
In 5 patients and 11 control subjects fibrinolytic protein levels were not measured as available plasma was not sufficient, leaving 555 patients and 635 control subjects in the analyses.
Statistical analysis
The association between cardiovascular risk factors and plasma levels of α 2-antiplasmin and plasminogen were studied in the control group. Mean α 2-antiplasmin and plasminogen levels were calculated with 5 th and 95 th percentiles for categories of cardiovascular risk factors.
Quartiles of blood pressure, total cholesterol, HDL cholesterol, triglyceride, VWF and CRP were defined based on the distribution among control subjects. Multiple linear regression was used to investigate which factors were independently associated with levels of α 2-antiplasmin and plasminogen. As the associations between triglycerides, VWF, and CRP with α 2-antiplasmin and plasminogen were not linear these variables were entered in the model divided into quartiles resulting in a regression coefficient for a quartile increase of the independent variable. For reasons of comparability systolic blood pressure, HDL cholesterol and total cholesterol were also included in the model as quartiles as were levels of α 2-
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antiplasmin when studied as determinants of plasminogen and vice versa. Using 10log-transformation for the not normally distributed variables instead of quartiles did not considerably change the results. However, as a regression coefficient of a 10log-transformed variable is more difficult to interpret than a regression coefficient for each quartile increase we present the latter.
To study the effect of fibrinolytic factors on risk of myocardial infarction, levels of α 2-antiplasmin, plasminogen, PAI-1, and t-PA were grouped into quartiles based on the distribution among the control subjects, taking the lowest quartile as the reference group for the odds ratio (OR antiplasmin or plasminogen were studied in our own data and potential confounders were selected from these analyses and included in the statistical model.
Several studies investigated determinants of t-PA and PAI-1. Therefore, confounding variables in the association between t-PA or PAI-1 and myocardial infarction were chosen from these studies and included in the models, i.e. diabetes, BMI, lipid levels, plasma levels of VWF and CRP, and blood pressure. 4, 7 Indeed, these factors were also associated with t-PA and PAI-1 levels in our own data, with the exception of VWF, which was not associated with PAI-1 in our data (data not shown). The analyses on PAI-1 and t-PA and risk of myocardial infarction were also mutually adjusted for each other.
Results
Mean age of the 555 patients with myocardial infarction was 56. hypercholesterolemia were more prevalent in patients than in control subjects (Table 1) .
Cardiovascular risk factors and plasma levels of α 2-antiplasmin and plasminogen
The association between risk factors for myocardial infarction and α 2-antiplasmin levels in control subjects is shown in Table 2 . Plasminogen was strongly related to α 2-antiplasmin (β=2.5%/quartile; 95%CI 1.8;3.4).
Systolic blood pressure (β=-0.5%/quartile; 95%CI -1.5; 0.4), triglycerides (β=-0.2%/quartile; 95%CI -1.3;0.8), and VWF (β=0.0%/quartile) were not associated with α 2-antiplasmin. So,
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HDL cholesterol, total cholesterol and plasminogen were the strongest determinants of α 2-antiplasmin.
Plasminogen levels increased with levels of triglycerides, total cholesterol, and CRP and was increased in smokers ( Table 2 ). Also alcohol use was associated with plasminogen although not in a dose dependent manner as the occasional drinkers had the lowest levels of plasminogen. Similar to α 2-antiplasmin, plasminogen increased with BMI but the small group of underweight subjects (BMI < 20 kg/m2) had high levels. We performed a multiple regression including age, BMI, triglycerides, total cholesterol, CRP, alcohol use, smoking, and α 2-antiplasmin levels. Except for age, all variables were independently associated with plasminogen. The regression coefficients were 1.6%/quartile (95%CI 0.9;2.4) for total cholesterol and 1.2%/quartile (95%CI 0.2;1.9) for triglycerides. Plasminogen increased 2.9%
(95%CI 2.2-3.6) with each quartile increase of CRP and 2.2% (95%CI 1.5-2.9) per quartile increase in α 2-antiplasmin. Compared to occasional drinkers of alcohol, regular drinkers had 5.7% higher levels (95%CI 1.5-10.0), and abstainers had 3.4% higher levels (95%CI -1.4;8.2).
Smoking increased plasminogen levels with 3.6% (95%CI 1.9-5.2) compared to not smoking.
So, plasminogen was strongly associated with variables related to inflammation. (Table 4 ). The risk in men with the highest levels of plasminogen was 1.7-fold (95%CI 1.2-2.3; Q4 vs Q1) increased after adjusting for age (model 1). As plasminogen levels were strongly associated with variables related to inflammation, we adjusted for CRP and smoking (model 2) reducing the OR to no effect (OR 1.1 (95%CI 0.7-1.5). Adjusting for age and CRP or age and smoking separately yielded similar results as simultaneous adjustment for age and both CRP and smoking (data 
Plasma levels of fibrinolytic proteins and risk of myocardial infarction α
2-antiplasmin
PAI-1
Mean PAI-1 level in patients was 107.4 ng/ml (median 69.7 ng/ml; 5 th -95 th percentile 14.7-316.9 ng/ml) and 88.8 ng/ml in controls (median 54.9 ng/ml; 5 th -95 th percentile 13.0-302.7 ng/ml). Those with high PAI-1 levels had an increased risk of myocardial infarction (OR 1.7; 95%CI 1.2-2.3; Q4 vs Q1) but no dose response relation was found after adjusting for age (model 1)( Table 5 ). As PAI-1 is a marker of the insulin resistance syndrome, we first adjusted for triglycerides, HDL and total cholesterol, BMI and diabetes (model 2) resulting in an OR of 
t-PA
Mean t-PA level in patients was 9.2 ng/ml (median 8.9 ng/ml; 5 th -95 th percentile 5.0-14.6 ng/ml) and 8.8 ng/ml in controls (median 8.1 ng/ml; 5 th -95 th percentile 4.5-15.3 ng/ml).
The risk of myocardial infarction was increased in men with t-PA levels above the median (age-adjusted OR 2.0; 95%CI 1.4-2.7 (Q3) and OR 1.7; 95%CI 1.2-2.4 (Q4 vs Q1)) ( Table 6 ).
Additional adjusting for lipid levels, diabetes and BMI (model 2) attenuated the risk (OR 1. and OR 2.8; 95%CI 1.4-5.4 (Q4)). These ORs decreased to 0.5 (95%CI 0.2-1.0) for Q2, 1.7
(95%CI 0.8-3.4) for Q3 and 1.6 (95%CI 0.7-3.6) when using multivariate model 4.
Discussion
In this study we have shown that increased levels of α 2-antiplasmin are associated with a twofold increased risk of a first myocardial infarction in men. After adjusting for several potential confounders the risk was still 40% increased as compared to individuals with low levels of α 2-antiplasmin. Risk of myocardial infarction was also increased in men with elevated levels of plasminogen, PAI-1 and t-PA in age-adjusted models, but this increased risk was not independent of other risk factors.
The present study is the first to show increased α 2-antiplasmin levels to be associated with an increased risk of myocardial infarction. This is consistent with established findings on the association between hypofibrinolysis as measured with overall clot lysis assays and an increased risk of arterial thrombosis 1,2 and with the bleeding tendency observed in patients with α 2-antiplasmin deficiency. 17 The ECAT study is the only other large study that examined the relation between α 2-antiplasmin levels and risk of arterial disease. 4 In this cohort study, which consisted of approximately 2600 patients with angina pectoris at baseline and 97 events 1 3 after two years of follow-up, no association between α 2-antiplasmin levels and myocardial infarction and cardiovascular death was found. This difference in study population may explain the divergent results in the ECAT study and the study presented in this paper. Although the association between lipid levels and α 2-antiplasmin has been found before, 19 to our knowledge studies on the mechanism linking lipid levels to levels of α 2-antiplasmin are at present lacking. There is no obvious explanation for the strong correlation between plasminogen and α 2-antiplasmin plasma levels. It is, however, a common finding that several coagulation and fibrinolytic factors cluster together and correlate possibly via a common regulatory mechanism.
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We found elevated plasminogen levels to be associated with risk of myocardial infarction, although the risk disappeared after adjustment for potential confounders. The ECAT 4 and ARIC study 5 also found a positive association between plasminogen levels and risk of arterial disease, which is contradictory considering the role of plasminogen in fibrinolysis. In the present study the association disappeared after adjusting for lipid levels, CRP, smoking, and alcohol use. In the ECAT study no adjustments were made apart from study center, age and sex, and the risk of myocardial infarction or sudden death remained only slightly increased after these adjustments. 4 In the ARIC study adjustments were made for several cardiovascular risk factors, although not for triglycerides and CRP, and substantially increased risks were found even after these adjustments. 5 The differences in results between 1 4 studies may thus be explained by differences in confounding factors considered in the analyses.
We found that regular drinkers of alcoholic beverages had increased plasminogen levels. In a study on hepatocyte cell lines it has indeed been shown that alcohol increases plasminogen gene expression and a moderate dose of alcohol also increased plasmin levels in mice. 23 Similar to α 2-antiplasmin, the association between plasminogen and lipid levels was shown previously but the mechanism behind the association has not been described. 5 In contrast, various pathways relating plasminogen to inflammation have been described. 4, 6 In the ECAT study, the prognostic value of t-PA and PAI-1 was studied after adjustment for clusters of confounding variables. 4 Our results on t-PA and PAI-1 are to a large extent in agreement with this study. In the ECAT study the risk of arterial disease associated with increased PAI-1 levels disappeared after adjustment for parameters associated with insulin resistance (BMI, triglycerides, HDL cholesterol, systolic blood pressure, diabetes). In our study these factors, and particularly lipid levels, could also explain the association between PAI-1 and myocardial infarction. In accordance with results of the ECAT study, the effect of t-PA on arterial disease risk was explained by the combination of the markers of insulin resistance, and although to a lesser extent, to CRP as marker of inflammation and VWF as indicator of endothelial activation. Our results are also, at least in part, in agreement with two meta-analyses conducted on the association between t-PA and PAI-1 and coronary heart disease. 33 PAI-1 was not associated with coronary heart disease in this meta-analysis including 6 prospective cohort studies. In the meta-analysis including 12 prospective cohort studies on t-PA and coronary heart disease an OR of 1.48 was found for the third tertile of t-PA compared with the first. There was, however, evidence of publication bias, showing a tendency to more extreme ORs in the smaller studies and no adjustments were made for inflammation or VWF suggesting that this risk estimate was overestimated.
Besides differences in statistical models used, the roles of the fibrinolytic proteins other than in clot dissolution may also have attributed to the inconsistency of results of different studies (reviewed in Meltzer et al. 6 ). Besides its role in clot lysis, plasminogen possibly contributes to destabilisation of atherosclerotic plaques independent of fibrin 1 6 proteolysis. Plasmin activates several matrix metalloproteinases (MMPs) 34 While decreased overall fibrinolytic potential as measured with an overall plasma clot lysis assay has been shown to be associated with an increased risk of myocardial infarction in the SMILE, 1 only elevated α 2-antiplasmin levels were associated with risk, whereas increased TAFI levels even strongly protected against myocardial infarction. 11,40 An explanation for our findings is that CLT measures the combination of the individual factors, also taking the interplay between them into account. The complex interplay between proteins in the fibrinolytic process is not taken into account when plasma levels of the individual factors are measured. Indeed, we recently showed that the clot lysis time is sensitive for fibrinolytic factors, but that the outcome of the assay appears to be determined by factors beyond plasma levels of fibrinolytic proteins.
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A limitation of the case-control study design is that levels of the fibrinolytic proteins are measured after the event, and that post-event levels may not reflect levels prior to the myocardial infarction. Blood samples were drawn several months or even years after the event by which we attempted to minimize the likelihood that an acute phase reaction was 1 7 responsible for the plasma levels of the fibrinolytic proteins. Furthermore, we made adjustments for CRP levels, which is an acute phase protein. Caution is, however, needed in interpreting the results and replication of our results is required using studies with other study designs, preferably adequately powered prospective studies. From our study we conclude that increased levels of α 2-antiplasmin are associated with an increased risk of myocardial infarction in men. PAI-1, t-PA and plasminogen are no independent risk factors for myocardial infarction. Plasminogen is primarily a marker of inflammation, while high PAI-1 and t-PA levels predominantly reflect increased lipid levels and to a lesser extent inflammation. In addition, endothelial activation may in part explain the association between elevated levels of t-PA and myocardial infarction. l  e  1  C  h  a  r  a  c  t  e  r  i  s  t  i  c  s  o  f  m  e  n  w  i  t  h  f  i  r  s  t  m  y  o  c  a  r  d  i  a  l  i  n  f  a  r  c  t  i  o  n  a  n  d  c  o  n  t  r  o  l  s  u  b  j  e  c  t  s   C  h  a  r  a  c  t  e  r  i  s  t  i  c  s  P  a  t  i  e  n  t  s  C  o  n  t  r  o  l  s  u  b  j  e  c  t  s   N  5  5  5  6  3  5 M e a n a g e , y T  a  b  l  e  2  C  a  r  d  i  o  v  a  s  c  u  l  a  r  r  i  s  k  f  a  c  t  o  r  s  a  m  o  n  g  6  3  5  c  o  n  t  r  o  l  s  u  b  j  e  c  t  s  a  n  d  t  h  e  a  s  s  o  c  i  a  t  i  o  n  w  i  t  h  α  2  -a  n  t  i  p  l  a  s  m  i  n  a  n  d  p  l  a  s  m  i  n  o  g  e  n  l  e  v  e  l  s n m e a n α 2 -a n t 
